How to maximize customer satisfaction is an important research topic in the service quality evaluation. This paper proposes an evaluation method of comprehensive product quality for customer satisfaction based on the intuitionistic fuzzy number. In this method, we design a questionnaire and investigate the customer's language evaluation information of product quality evaluation, including product expectations and product perception at first. And then, the product quality evaluation model is obtained by Delphi method; that is, the first-level evaluation indexes and the second-level evaluation indexes are obtained and the weight vector of each evaluation index is determined. Next, language evaluation information translates into corresponding fuzzy numbers using intuitionistic fuzzy numbers. Therefore, the results of the product quality evaluation of the production system are obtained using the weighted mean method. Finally, an example is used to illustrate the feasibility and effectiveness of the proposed method.
Introduction
According to the concept of modern marketing, [1] a product can provide customers with a certain value, including objects and processes. Consequently, products can be decomposed into tangible goods and intangible services. Customer's evaluation of product quality is usually based on the gap between product perception and product expectation. Providing highquality service products for service-oriented enterprises is to better hold market share and gain greater profits [2, 3] . In recent years, the product quality evaluation has been focused on industry and manufacture. Through the product quality evaluation results, it is beneficial for the industry and manufacture enterprises to better control the weak links in the existing product quality system and provide a reference for improving the product quality [4] . Product quality evaluation will provide an important basis for product quality improvement.
The issue of product quality evaluation has received considerable attention from researchers and practitioners during the past three decades. In the extant literature there are a number of studies that deal product quality evaluation into two groups: one is the SERVPERF model proposed by Cronin and Taylor [5] ; another is SERVQUAL (the quality evaluation gaps model PZB gap model), a well-known measure, proposed by Parasuraman et al. [6] . The existing literature methods mainly focus on the important analysis of product design, product optimization, and product quality evaluation. However, studies on product quality evaluation based on fuzzy environment are very few.
Moreover, product quality evaluation is a combination of various attributes; it contains not only objective attributes but also subjective attributes, many of which are intangible and difficult to measure with numerical accuracy and are fuzzy information [7] . For example, the use of "good," "medium," and "bad" language evaluation can be better expressed by the perception of customers for the evaluation of machine tool equipment. This paper proposes a novel method for customer satisfaction product quality evaluation under fuzzy environment. The remaining section of the paper is organized as follows: Section 2 reviews some of the existing research results of product quality evaluation. Section 3 introduces the research problems and some variables in the design of this proposition. Section 4 proposes a novel method for evaluating the service quality under fuzzy environment. An illustrative example is given to demonstrate the use of the 2 Discrete Dynamics in Nature and Society proposed method in Section 5. Finally, the conclusion of this paper on the original contributions and suggested future work are drawn.
Literature Review
Customer satisfaction is the standard to measure the feasibility and quality of service products. After service is provided, a positive or negative reaction will emerge from customers getting that service [8] . Therefore, good customer satisfaction can improve customer loyalty and profitability, return on investment and guarantee the business success in today's competitive world. At the beginning of the 1980s, Grönroos [9] introduces the concept of product quality to the marketing field and puts forward the concept of product quality perception; that is, the customer evaluation of product quality is defined as the gap between the product expectation and the product perception (when the product perception is lower than the product expectation, product quality perception by the customer is poor).
Here are often some attributes that are difficult to quantify with a single value in the product quality evaluation. Compared with the traditional scoring method, the linguistic information evaluation method is more suitable to express the customer's perception. At the same time, this method can fully reflect the problems existing in the product quality system [5, 9] . In recent years, some scholars have made some studies on language evaluation of the product quality [5, [10] [11] [12] [13] [14] . Because the language evaluation has certain characteristics of fuzziness and hesitancy, when customers in evaluation often show some fuzzy evaluation results, such as "at least very good" or "more than medium," and "between good and very good," this information is known as fuzzy linguistic information [11] [12] [13] [14] . Hesitant fuzzy linguistic term sets (HFLTS) are suitable for customers to express their hesitant evaluation information [15] [16] [17] [18] [19] . Wu et al. [20] proposed a quality function deployment based on hesitant fuzzy integrated. The method used quality function deployment (QFD) and Vlsekriterijumska Optimizacija I Kompromisno Resenje (VIKOR) method to analyze the interrelationships among customer requirements (CRs) and determine their weight, under hesitant fuzzy environment. Wang et al. [21] used the dual hesitant fuzzy information to evaluate the mechanical product design quality based on multiple attributes. Wang et al. proposed a novel approach for product quality evaluation; to improve customer satisfaction, the method integrates quality function development (QFD), fuzzy extended analytic hierarchy process (FEAHP), and multisegment goal programming (MSGP) [14] .
From the existing literature, it is pointed out that the quantification of customer's language information mostly appears as a single value, but little is known about the research results of quantifying the interval. Based on the existing research, this paper gives a quality evaluation method considering customer evaluation interval and replaces the single value with interval method, which can effectively reduce the loss of evaluation information. According to the above review, this paper proposes a novel approach for product quality evaluation under fuzzy environment. 
Sign Interpretation and Problem Description
Product quality evaluation is usually based on customer's product expectation and product perception. If the products provided by enterprises can meet the customer lowest needs, the customer will be satisfied with the product quality. PZB product quality evaluation model proposed by Parasuraman et al. [6] in 1985 is the most widely used customer-perception product quality evaluation model. This paper proposes a novel approach for product quality evaluation based on PZB product quality evaluation model, customer language evaluation, as shown in Figure 1 .
. . , } denotes a collection of the first-level evaluation indexes, where denotes the th product quality evaluation index, = 1, 2, . . . , .
Definition 2. = { 1 , 2 , . . . , } denotes a collection of the second-level evaluation indexes contained in the th product quality evaluation index, where denotes the th secondlevel evaluation index contained in the first-level evaluation index , = 1, 2, . . . , , = 1, 2, . . . , .
Definition 3.
= { 1 , 2 , . . . , } denotes a collection of weight vectors of the first-level evaluation indexes, where denotes the weight vector of the first-level evaluation index , ∑ =1 = 1, = 1, 2, . . . , .
Definition 4.
= { 1 , 2 , . . . , } denotes a collection of weight vectors of the second-level evaluation index, where denotes the weight vector of the second-level evaluation index , ∑ =1 = 1, = 1, 2, . . . , , = 1, 2, . . . , .
Definition 5.
= { 1 , 2 , . . . , } denotes a collection of experts participating in product quality evaluation, where denotes the first expert participating in the product quality evaluation. We usually employ a number of experts with profound professional knowledge and experience to ensure that we can obtain objective and reasonable judgment of the importance of each index to ensure that the weight vector of each index is objective and reasonable, = 1, 2, . . . , .
Definition 6.
= ( 1 , 2 , . . . , ) denotes the weight score value of the first-level evaluation indexes given by an expert , where denotes the weight score value of the first-level evaluation index given by an expert , = 1, 2, . . . , .
Definition 7.
= ( 1 , 2 , . . . , ) denotes the weight score value of the second-level evaluation indexes given by expert , where denotes the weight score value of the secondlevel evaluation index
given by expert , = 1, 2, . . . , , = 1, 2, . . . , , = 1, 2, . . . , .
Definition 8.
= { 1 , 2 , . . . , } denotes a collection of customers participating in the questionnaire survey of product quality evaluation, where denotes the customer participating in the questionnaire survey, = 1, 2, . . . , .
Definition 9.
= ( 1 , 2 , . . . , ) denotes that the customer gives the minimum product perception for the second-level evaluation index , that is, customer perception of the lower limit, which is an intuitionistic fuzzy number, where denotes that the customer gives the minimum product perception of the second-level evaluation index , = 1, 2, . . . , , = 1, 2, . . . , , = 1, 2, . . . , .
Definition 10.
= ( 1 , 2 , . . . , ) denotes that the customer gives the maximum product perception for the second-level evaluation index , that is, customer perception of the upper limit, which is an intuitionistic fuzzy number, where denotes that the th customer gives the maximum product perception of the second-level evaluation index , = 1, 2, . . . , , = 1, 2, . . . , , = 1, 2, . . . , .
Definition 11.
= ( 1 , 2 , . . . , ) denotes that the customer gives the minimum product expectation for the second-level evaluation index , that is, customer expectation of the lower limit, which is an intuitionistic fuzzy number, where denotes that the customer gives the minimum product expectation of the second-level evaluation index , = 1, 2, . . . , , = 1, 2, . . . , , = 1, 2, . . . , .
Definition 12.
= ( 1 , 2 , . . . , ) denotes that the customer gives the maximum product expectation for the second-level evaluation index , that is, customer expectation of the upper limit, which is an intuitionistic fuzzy number, where denotes that the th customer gives the maximum product expectation of the second-level evaluation index , = 1, 2, . . . , , = 1, 2, . . . , , = 1, 2, . . . , .
The problem concerned in this paper is how to use language phrases to evaluate the product quality, considering the gap between product expectation and product perception. To solve the product quality evaluation problem under fuzzy environment, we proposed a novel method for product quality evaluation based on an intuitionistic fuzzy number which is presented graphically as shown in Figure 2 .
Based on the framework for evaluating product quality, the details of the proposed method are presented as follows.
Product Quality Evaluation Method
In order to effectively improve customer satisfaction with product quality, a customer satisfaction evaluation method for product quality is proposed based on the intuitionistic fuzzy number. The method consists of 3 aspects: the determination of product quality evaluation index and the determination of its weight, the numerical transformation of fuzzy language evaluation, and the calculation of product quality perception value.
The Determination of Product Quality Evaluation Index.
Through customer interview and literature analysis, the quality evaluation index system of a service system is determined.
First of all, according to the existing research results [11] [12] [13] [14] [15] , we were collected, analyzed, and refined product quality evaluation indicators and then formed an alternative set of the evaluation index. Next, some experts use Delphi method to screen the set of alternative indicators. In the end, the interview method was used to interview the target customers to determine the weight of each index.
According to the importance score given by the customer to the first-level evaluation indexes, the relative weight determination method [22] is used to determine the weight of indexes that can be calculated as
According to the importance score given by the customer to the second-level evaluation index, the weight of it is and that can be calculated using
Numerical Transformation of Fuzzy Language Evaluation

Intuitionistic Fuzzy Number.
In terms of intuitionistic fuzzy number compared with the traditional fuzzy numbers which consider the membership degree and the nonmembership degree of evaluation language, it can express a more comprehensive expression of customer satisfaction for product quality, so it occupied a certain advantage in the fuzzy data analysis [18] . The intuitionistic fuzzy set was mentioned by Bulgarian scholar Atanassov in 1999 [18] and is an extension of the fuzzy set theory proposed by Zadeh [19] . It can be expressed by
where A denotes an intuitionistic fuzzy set; ( ) and V ( ) denote the membership degree and the nonmembership degree of the intuitionistic fuzzy set . Let ( ) denote the hesitancy degree of the intuitionistic fuzzy set A, ( ) = 1 − ( ) − V ( ). Here, ( ), V ( ), and ( ), respectively, denote the degree of affirmation, negation, and neutrality of object belonging to the intuitionistic fuzzy set . For example, a intuitionistic fuzzy set = {( , 0.5, 0.3) | ∈ }, then its membership degree ( ) = 0.5 and its nonmembership degree V ( ) = 0.3 , and the hesitancy degree ( ) = 0.2 of it; that is, objective belongs to degree that is 0.5 and does not belong to the degree of A of 0.3 and the degree of neutrality of 0.2.
Determination of Satisfaction.
In the evaluation of manufacturing products, many indicators using language description can better express customer perception of product quality satisfaction.
For example, the sensitivity of operation, after-sales service satisfaction, and other vague language "good," "medium," "bad," and so on to express that can better reflect the customer satisfaction perception. Therefore, this paper requires the target customer to give the evaluation information in the form of language phrase, then, using the intuitionistic fuzzy number to transform the fuzzy language of uncertainty into the corresponding fuzzy number.
In this paper, the fuzzy language evaluation information is transformed into an intuitionistic fuzzy number by the method proposed by Zhang et al. [23] .
It is assumed that the membership degree is ( ) and the nonmembership degree is V ( ) of the fuzzy language evaluation. Then, collect the degree of hesitancy and language evaluation information given by the target customers and transform it into an intuitionistic fuzzy number [ ( ) − × ( ), V ( )− × ( )], + = 1, where and represent the uncertain degree of higher and lower level. For example, VP (0.2) said customers are not satisfied with the product index and the hesitancy degree of 0.2; according to Table 1 , the intuitionistic fuzzy number obtained is [0.1, 0.3]. Let ( , ) denote the fuzzy interval of customer satisfaction evaluation for product quality.
Calculation of Product Perception Value.
In life, there is a certain deviation between customer's expectation level of product and product perception (customer satisfaction), which is called product perception value [24] . Because the product perception of customers is in the form of interval, so the product quality perception value is also an interval. Note 
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According to (5), we can effectively get the average value of the product perception appropriate and the product perception advantage which the range of value is (−1, 1). 
Furthermore, according to the average product perception value and the weight vector of the second-level evaluation index, we can calculate the product perception value of the first-level evaluation indexes using (7) . Let [V , V ] be the product perception value of the first-level evaluation index, where V denotes the product perception appropriate value of the first-level evaluation index; V denotes the product perception advantage value of the first-level evaluation index.
Finally, the product quality perception value of the current product quality is determined according to the product perception value and the weight vectors of the first-level evaluation indexes, where V and V indicate the comprehensive perception appropriate value and the comprehensive perception advantage value of the product quality. They can be expressed as
Example Analysis
The good development of the manufacturing industry can effectively improve the sustainable growth ability of a national economy, solve the major livelihood problems, and enhance the global competitiveness. The key to realize the good development of manufacturing industry lies in the construction of the reasonable industrial structure, advanced technical level, friendly enterprise environment and external support, and the creation of a modern industrial system with high-quality employment. Making the advantages and disadvantages of products clear is the key to achieve sustainable development of enterprises. Taking a main engine industrial enterprise in a city as an example and evaluating its product quality system. At the first, based on the literature [25] [26] [27] [28] , the evaluation model of enterprise product quality system is constructed, as is shown in Table 2 . The evaluation index is composed of 5 first-level evaluation indexes and 14 second-level evaluation indexes.
Secondly, 8 experts were invited to evaluate the evaluation index of the evaluation system using Delphi method. On the basis of experts' evaluation of the importance score, the weight vector of the first-level evaluation index is calculated according to (2) According to Tables 1, 3 , and 4, the language evaluation information is converted to intuitionistic fuzzy numbers, as shown in Tables 5 and 6 .
It is can be seen that the product perception advantage average value and the product perception appropriate average value can be obtained by (4)- (5), and then we standardize their values using (6), as shown in Table 7 .
According to (7), we can obtain the perception appropriate value and perception advantage value of the first-level evaluation indexes and the second-level evaluation indexes, as shown in Table 8 .
According to (8) , we can calculate that the comprehensive perception appropriate value and the comprehensive perception advantage value are V = 0.3197 and V = 0.7258.
We use the radar map to visualize the results of the first-level evaluation. Figure 3 shows the perception value of the product in the A City, whose results show that the index of external environmental factors ( 4 ) is higher than the other evaluation indexes, whether it is the perception appropriate value or the perception advantage value. However, internal environmental factors ( 5 ) are lower than the other evaluation indexes. According to radar map, managers can determine which dimension index should be improved so as to improve the product quality.
Conclusion
This paper gives a method of product quality evaluation considering customer satisfaction interval. Firstly, the first-level evaluation indexes and the second-level evaluation indexes are determined by expert Delphi method and Documentary method, and the customers' expectations and perception language evaluation information are obtained through the questionnaire survey. Then, the intuitionistic fuzzy number is used to transform the fuzzy language into the fuzzy number and the perception value of the customer is calculated. On this basis, the comprehensive evaluation system of customer value for products is conducive to better management of existing products to control system improvement. The method presented in this paper has the characteristics of simple calculation, clear thinking, and easy operation. Different from the existing research results, firstly, using language evaluation to replace the traditional evaluation helps customers better products on the expression of expectation and perception; secondly, the language evaluation is transformed into intuitionistic fuzzy number, and, at the same time, using the concept of intuitionistic fuzzy number interval reduces the loss of information and evaluation. Finally, visualization of customer evaluation results is helpful for managers to better understand the weak links of an existing product system and play a certain role in improving product quality and improving customer satisfaction in manufacturing enterprises.
Discrete Dynamics in Nature and Society 7 Table 3 : Language expectation evaluation and hesitancy degree of enterprise product.
The second-level evaluation index Language evaluation and hesitancy degree of product expectation 
12 : delivery within the specified period
14 : meeting the needs of the market
21 : timely supply of resources
31 : product design capability VG (0.1)
33 : employee work skills
52 : employee's work attitude VG (0.1)
Discrete Dynamics in Nature and Society Table 4 : Language perception evaluation and hesitancy degree enterprise product.
The second-level evaluation index Language perception and hesitancy in product perception 
13 : special needs design SG (0.1)
31 : product design capability VP (0.1)
33 : employee work skills P (0.3)
52 : employee's work attitude
Discrete Dynamics in Nature and Society 9 Table 5 : The intuitionistic fuzzy number of customer expectations.
The second-level evaluation index
The intuitionistic fuzzy number of customer expectations 
10
Discrete Dynamics in Nature and Society Table 6 : The intuitionistic fuzzy number of customer perceptions.
The second-level evaluation index
The intuitionistic fuzzy number of customer perceptions 
Discussion
In this paper, we put forward a method to evaluate the quality of the product: firstly, we introduce fuzzy numbers to ensure the completeness of evaluation information and the correctness of evaluation results; secondly, we use the form of interval to evaluate the product, reducing the loss of customer perceived value. In this paper, a more traditional Delphi method is used to calculate the weight vector of the evaluation index. The Delphi method has great limitations and strict requirements for objective conditions. Because of the limited text, some low influence factors are not taken into consideration when evaluating the product quality. Future research will be concentrated on the analysis of environment influence factors and the weight vector of the evaluation index.
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